Objective: The importance of stress in the pathogenesis was found between the diastolic BP (DBP) and stress perception. Subjects with high normal BP according the of essential hypertension is controversial. In this study we wanted to evaluate the relation between self-per-JNC V classification showed a lower stress perception than did subjects with normal BP. In a multiple ceived stress and the blood pressure (BP) in a asymptomatic healthy population. regression model the stress score was fourth most predictive of the SBP after body mass index, waist:hip ratio, Subjects and methods: A total of 1666 guests (mean ± s.d. age 50 ± 16 years) attending the air show AIR94 in and age followed by alcohol and fat intake. Conclusion: In this study we found an inverse associBuochs, Switzerland volunteered to participate in a cross-sectional study. Using a self-administered quesation between the self-perceived stress and SBP. We suggest that the inverse association between BP and tionnaire and visual analogue scales the individual stress perception and other cardiovascular risk the self-perceived stress reflects a neuroendocrine and biochemical setting characterized by inadequate stress behaviours/factors were assessed. BP, body weight, height, and the waist:hip ratio were measured.
Introduction

Subjects and methods
The importance of psychological stress in the pathoIn this cross-sectional study, 1666 guests attending genesis of essential hypertension is controversial. [1] [2] [3] [4] [5] [6] [7] the AIR94 air show at the Swiss Air Force Base in The controversy is due to methodological problems Bouchs (Nidwalden/Switzerland) were studied. The in the definition and assessment of stress 8 and the participation was voluntary. Upon obtaining their large variability in stress responses according to the agreement to participate in the study, subjects were individual personality and the type of stress.
9 While asked to complete a self-administered questionnaire it is generally accepted that acute stressors (such as and visual analogue scales assessing various issues fear, anger, anxiety and other physical stressors such related to cardiovascular risk factors (eg, family hisas noise or accidents) are associated with a short tory of hypertension, diabetes, coronary artery disterm increase in blood pressure (BP) ('reactivity ease, overweight, smoking habits). Alcohol conhypothesis'), it is less clear whether a continuous sumption was evaluated by asking about alcohol stressor will lead over time to a 'fixed' hypertenintake (yes/no) and four consumption frequency catsion. 3 A high BP reading is often interpreted to be egories (less than once per week, 1-2 times/week, caused at least in part by stress. Different stress situ-3-4 times/week, daily). With the help of visual anaations leading to increased BP have been identified. logue scales the levels of self-perceived stress Everybody is exposed to stress factors which may be (high/low), physical activity (high/low), fat content of importance in the pathogenesis of different disof the diet (high/low), health perception (good/bad) eases, however, the stress perception and the and self-judged body weight status (too light/too response to stress are very heterogeneous. 6 Thus, it heavy) were assessed. No grading or marks on the comes as no surprise that the literature on the visual analogue scales were used. Further the intake relation between self-perceived stress and BP is of antihypertensive drugs (yes/no) was noted. The inconclusive. 6, 10, 11 In this study we wanted to evaluquestionnaire was pretested in patients of the Mediate the relation between self-perceived stress and BP cal Policlinic of the University Hospital in Zü rich. in a free living healthy population.
The procedure of the data collection was as follows: Initially, body weight (in light summer clothing with shoes) was measured with a mechanical scale (Seca TM , Germany) and height to the nearest waist:hip (W/H) ratio were computed. Following
Results
these anthropometric measurements, the subjects Characteristics of the population were asked to complete the questionnaire as well as the visual analogue scales. The completion of the All subjects were of Caucasian origin. The characterquestionnaire took about 8-10 min. Next, resting BP istics of the subjects and the mean scores of the vismeasurements were performed with an appropriual analogue scales for all subjects and separately by ately sized cuff using a semi-automatic device gender are listed in Table 2.  (Visomat OZ2 TM , Hestia Pharma GmbH, Mannheim, A family history of hypertension was present in Germany). Two BP measurements were taken by 32% of the subjects. A family history of diabetes, trained health workers. In the analysis, the mean overweight, or coronary artery disease was present value of the two measurements was used. Hypertenin 12%, 33% and 17%, respectively. sion was defined according the World Health
The mean (±s.d.) systolic (SBP) and diastolic BP Organization criteria 12 as well as the criteria of the (DBP) of the population was 124 ± 19 mm Hg and 5th US NJC for the Detection of Hypertension. 13 77 ± 13 mm Hg, respectively. Based upon the mean Only three subjects were found to have Stage III of two resting BP measurements, 17% showed a syshypertension. As they could not be statistically tolic and 16% a diastolic hypertension according to evaluated as a separate group, they were omitted the WHO criteria. Fifteen per cent of the subjects from the final analysis (Table 1) .
were on an antihypertensive medication. The BP of The responses of the self-perceived stress were the subjects on antihypertensive medication was sigreverse-scored for the final analysis so that 10 equals nificantly higher than in the subjects without antithe highest stress level. Since only the overall stress hypertensive medication (mean BP 135/84 mm Hg perception was assessed using one single visual anavs 121/76 mm Hg, P Ͻ 0.001). logue scale, no distinction between different stresThe mean ± s.d. stress score for the whole popusors (eg, job related stress or private stress, etc) could lation was 4.2 ± 3.1, the distribution of the stress be made. During the pretesting of the questionnaire, score was normal without any significant skewness all subjects indicated that the term 'stress' is viewed or curtosis. There was no gender difference in the as an integral term for all types of stress in daily life. stress perception (men 4.32 ± 0.09 and 4.15 ± 0.14 In the following sections, the terms self-perceived women, ns). Since there was no gender difference stress will be used interchangeable with stress score in the stress score, the data for men and women were or with stress perception.
pooled for the final analysis. Subjects with systolic To study the relation between the stress score and hypertension and a lower stress score than the nor-BP as well as other variables, simple logistic motensive subjects (3.6 ± 0.2 vs 4.4 ± 0.1, P Ͻ 0.001). regression models were computed. For differences There was no significant difference in the stress between means of non-paired data, one-way analysis score in diastolic hypertensive subjects as compared of variance and Student's t-test procedure were to diastolic normotensive subjects (P = 0.45). Subused. Differences in frequency were assessed by 2 jects on antihypertensive medication had a lower statistics. As the univariate analysis revealed that stress score than did subjects without antihypertenseveral variables confounded the parameters of sive medication (3.7 ± 0.2 vs 4.5 ± 0.1, P Ͻ 0.01). The interest due to colinearity, we applied a stepwise stress scores were practically identical in subjects multivariate procedure for the further analysis of the with and without a family history of hypertension data (F Ͼ 2.247, P Ͻ 0.001).
(4.3 ± 0.1 vs 4.4 ± 0.1, P = 0.49). The stress score was The data processing was done on a personal comneither affected by the family history of coronary puter using the StatView TM statistical software packartery disease, diabetes mellitus, and/or overweight. age (Abacus Concepts, Berkeley, CA, USA). All
With increasing alcohol consumption the W/H ratio values are presented as mean ± s.d. unless otherincreased (ANOVA for trend P Ͻ 0.0001). The stress wise stated.
score of the daily alcohol consumers was lower than the score of the less than once per week consumers (4.0 ± 0.23 vs 4.4 ± 0.15, P = 0.23). The stress score in Table 1 Mean ± s.d. stress score according according systolic and smokers was higher than in the non-smokers DBP status using the NJC criteria for the entire population (see
Blood pressure group n Stress score ± s.d.
Univariate correlations
The univariate correlation coefficients of the differ- Table 3 for the entire population and according pulse pressure and the stress score (r = −0.15, p Ͻ 0.05). more frequently (r = 0.13, P Ͻ 0.01).
1283)
The univariate analysis revealed that several parameters might confound the association between the 
Multivariate analysis
Waist/Hip ratio −0.07** −0.00 0.13 Weight at age 20 (kg) 0.06* 0.07* −0.40***
The following twelve factors were included in a subjects in which all parameters of interest were available and who did not take any antihypertensive *P Ͻ 0.05; **P Ͻ 0.01, ***P Ͻ 0.001.
drugs. The major determinants for the SBP were the †by ANOVA. BMI, the W/H ratio and age. The fourth most important contributor to the systolic pressure was the self-judged stress perception followed by alcohol The health score was found to be significantly related to the stress perception (r = −0.14, P Ͻ 0.001) and fat intake ( Table 4 ). The R 2 for the whole model for the SBP was 0.21 (P Ͻ 0.001). and the effect was independent of the antihypertensive therapy. Higher levels of stress were associated Age, the health score, SBP and the fat score were the major determinants for the individual stress perwith higher fat intake (r = 0.08, P Ͼ 0.01). There was no difference in the fat score contingent on the ception (Table 5) . A positive family history of coronary artery disease was a determinant of the systolic hypertension status. Age was a very strong determinant of the stress score (r = −0.25, P Ͻ 0.0001).
(F value = 7, P Ͻ 0.01) and diastolic (F value = 6, P Ͻ 0.05) BP. There was a significant inverse correlation inverse relationship between stress perception and † † for these variables P Ͻ 0.01. SBP seems to be surprising but is in agreement with † † † for these variables P Ͻ 0.001. other studies.
10,11,18 Winkleby et al 11 reported a ns = not significant.
negative relation between SBP and a subjective stress index based upon different job problems. traits) of the populations studied, the type of stress, the duration of the stressor, and by the method of perception of a stress factor or emotion may lead to † † † for these variables P Ͻ 0.001. hostility and often also higher BP.
10,24-26 The theory of repressed hostility as a potentially important element in the modulation of BP and cardiovascular The described relations were found to be independent of the order of entry of the parameters into risk has been proposed 26-29 and may have contributed to the higher BP in our subjects. the model.
After classifying our population according the JNC BP categories (Table 1) , 13 we found that subjects Discussion with high normal systolic and/or DBP do show a significantly lower stress score than subjects with norThe role of stress in the pathogenesis of hypertension is controversial. [3] [4] [5] [6] [7] There is, however, evidence mal BP. This suggests that subjects with a high normal BP may be psychologically and/or metabolically suggesting that the control of certain forms of stress can be of great therapeutic value in the control and different from subjects with normal BP. This is also in agreement with the findings that subjects with prevention of essential hypertension. 6, 14, 15 In this study we found an inverse relationship between the borderline hypertension and with prehypertension are hyperreactive to various stressors as compared self-perceived stress and SBP. This relationship was found in men and in women. The association was to normotensive subjects, thought to be caused by specific personality traits (including increased hosindependent of age and/or body weight. Subjects with antihypertensive therapy did not show this tility 14, 28, 30, 31 and eventually also specific metabolic characteristics predisposing to hypertension. [32] [33] [34] [35] [36] relation. No relation was found between the DBP and the stress score.
In addition, high prevalence of the inability to express emotions (alexithimia) has been found in Many different factors may determine the response and the self-judged perception of stress. subjects with various cardiovascular diseases including hypertension and prehypertension.
8,37
The response may vary according the stressor 16 and personality traits. Using a stepwise multiple Accordingly, hypertension may be associated more often with a low capability to express emotions. 38 regression procedure, age, the self-judged health status and the SBP were the most important determiThis constellation may then lead to a underreporting of stress factors such as job problems, private probnants of the self-perceived stress score (Table 5) followed by the fat intake as the fourth most important lems and also of potentially stressful life events.
39
This may also be one reason for the postulated factor modulating the stress perception. On the other site the BMI, the W/H ratio, age, the stress underreporting of stress in our population. Further it is possible that the behvaiour described in our score, alcohol and fat intake were the most important determinants of the SBP. The coefficient population corresponds at least in part to the higher risk to develop hypertension. 42 In our study 53-61. an increased stress score was associated with an 9 Monk M. Psychologic status and hypertension. Am J increased fat intake, suggesting that stressed subjects However, it is known that the stress effects on sys- 
